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Abstract
Non-biting midges (Diptera: Chironomidae) become a severe nuisance to humans
living close to urban wetlands when they emerge at night to form mating swarms.
The phototactic nature of adult chironomids means that large quantities of
chironomids congregate around artificial lighting prominent in the surrounding
suburbs of urban wetlands. This nuisance problem has compelled the investigation of
suitable control options which are able to reduce the numbers of midges to below
nuisance levels for an extended period. Currently the options available to control
chironomid populations rely on the treatment of affected wetlands with pesticide.
These treatment regimes are usually only successful for a short time period because
of the intrinsic ability of midges to rapidly recover based on a number of biological
and physiological mechanisms which chironomids posses.

This study identified a number of key biotic and abiotic factors which determine the
ability of chironomids to reach nuisance proportions at Lake Joondalup, Western
Australia. The biological factors included: the presence of multivoltine chironomid
species, rapid development rates, overlapping cohorts, continuous asynchronous
emergence and high fecundity. In addition, the key biotic and abiotic factors
included: mild winter temperatures, seasonal fluctuations of water levels, large
heterogenous habitat, limited predators and competitors, eutrophic conditions and the
ability of chironomids to tolerate poor environmental conditions. These factors were
combined into a conceptual model which outlined the critical pathways to the
occurrence of nuisance problems. Some alternative treatment options were proposed
and theoretically tested based on the application of selective pesticide treatment and
the implementation of light traps during periods of low water levels to effectively
impede the recolonising potential of the chironomid populations when the lake refills
following drying conditions. In addition, this study aided in identifying several key
life history characteristics which could be used to test the efficacy of alternative
pesticide treatment regimes.
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Chapter 1
Introduction

1.1 Background

Chironomidae (Order Diptera), non-biting midge, are the most abundant and widely
distributed insects in lotic and lentic freshwater environments (Cranston, 1995~
Edward, 1986). Globally there are approximately 15,000 known chironomid species
(Cranston, 1995), with 4,000 being formally identified and less than 100 being
pestiferous (Ali, 1995). Adult midge swarms are now recognised to be a major
problem in many urban areas of the world (Ali et al., 1986). A number of countries
have reported nuisance chironomid problems including USA, Australia and Japan
(Armitage et al., 1995).

1.2 Nuisance

Eutrophication, clearing and modification of urban wetlands in many parts of the
world have created ideal growing conditions for certain pestiferous species of midge.
Chironomids, although non-biting, become a severe nuisance when large swarms
emanate from urban lakes causing nuisance, economic and medical problems (Ali,
1996a). Swarms are often a hindrance to common outdoor activities, as midges can
be inhaled or fly into the mouth, eyes, or ears (Ali, 1980). They can become
hazardous to drivers and pedestrians when they inhibit visibility. As adults are
positively phototactic they are readily drawn from the lake at night into brightly lit
surrounding suburbs. Swarming adults are attracted to most light sources including
outdoor lighting, streetlights and even television screens. Decomposing dead midges
stain buildings and outdoor equipment which can require a large amount of
maintenance resulting in economic loss to lakefront businesses. For example, some
cities in central Florida, U.S.A, annually spend millions of dollars to maintain
cleaning and midge control regimes, with many potential waterside developments
stalled until sufficient control of midges is achieved (Lobinske et al., 2002a).

Despite the problems associated with adult chironomid swarms to human
populations, midge larvae and pupa are an important part of most aquatic food webs
(Lobinske et al., 2002b). They are a significant food source to many invertebrate,
fish and bird species and constitute a significant portion of the insect fauna available
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in freshwater wetlands (Wrobleski, 1999). Midges also play an important role
processing the organic sediments in freshwater environments. Wissinger (1999)
affirms that invertebrates, especially chironomid larvae, constitute critical links
between primary producers and higher trophic order organisms in many wetland
systems.

1.3 Life History

The life cycle of the Chironomidae consists of both terrestrial and aquatic stages,
with the terrestrial aerial adult stage causing nuisance problems to humans. Like all
Dipterans, the life cycle of Chironomid midges consists of four specific life stages;
egg, larva, pupa and imago (Figure 1.1) (Cranston, 1994). Chironomid larvae are
capable of inhabiting a number of diverse environments from lotic and lentic habitats
to thermal springs and ephemeral water-bodies (Pinder, 1995). The larvae generally
inhabit the benthos, in which they build larval tubes constructed of fine sediment and
silk secreted from the salivary gland (Davis and Christidis, 1997). These tubes
provide protection from predation and also enable the larvae to filter fine particulate
matter from the overlying water column and sediment. Boulton and Brock (1999)
contend that tubes also allow access to more oxygenated water. There are also
several free-living species of chironomid, which inhabit the water column for the
duration of their larval life stage and feed on algal matter and detritus. Most
chironomid larvae are capable of simultaneously employing a number of different
feeding modes and are generally referred to as opportunistic omnivores (Berg, 1995).
Based on functional feeding categories of chironomidae, larvae can employ the
following feeding modes: collector-gatherers, collector-filters, scrapers, shredders,
engulfers and piercers. The predominant food acquired by larvae is habitat
dependent, with many species eating any suitable organic material present in the
sediment and water column (Berg, 1995; Edward, 1964).
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Figure 1.1: Chironomid life cycle.
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The pupal stage of the chironomid life cycle is relatively short, with development
from fourth instar larvae to pupae taking only two to three days. Once sufficient
development is achieved the pupa will wait until the environmental conditions are
desirable before eclosion as an adult. Several studies have identified temperature,
humidity and photoperiod as the most prominent triggers of emergence in larval
chironomids (Ali, 1995; Ali, 1996b; Pinder, 1986). Once emergence is achieved the
adult's life is concerned with meeting a suitable mate and reproduction (Armitage,
1995). Generally, males congregate together in large columnar swarms above the
waters surface, with females entering the swarm to breed (Armitage, 1995). It is a
commonly held view that swarms provide the best means for females to become
inseminated (Cranston, 1994). Oviposition of eggs by the female occurs immediately
following successful mating, with females laying eggs directly into the water column
or just below the water surface attached to hard substrate such as reeds (Armitage,
1995). Chironomids display an astonishing reproductive capacity with females
capable of depositing up to 3000 eggs per egg mass in some species (Nolte, 1995).
The distribution and density of the chironomid population is a direct consequence of
the oviposition location and dispersal capabilities of first instar larvae (Tokeshi,
1995).

1.4 Factors Affecting Development
1.4.1 Temperature

Temperature influences a number of stages of the chironomid life cycle including
egg development, larval growth and pupal eclosion (Lobinske et al., 2002a). Various
studies have demonstrated that growth rate in larvae is increased with higher
temperatures (Edward, 1964; Nolte, 1995; Balci and Kennedy, 2002; Lobinske et al.,
2002a). In general however, larval growth is enhanced at optimal temperatures which
allow the highest growth rates and the lowest mortality rates (Tokeshi, 1995).

Temperate environments which experience long periods of cold conditions have
fewer generations per year as a result of temperature dependent low growth rates.
Chironomids which have less then two generations a year account for over 70% of
the chironomid studies in temperate regions (Tokeshi, 1995). In contrast, populations
located in low latitude environments with temporally stable, warm conditions are
able to complete lifecycle from egg to imago in relatively short time periods. These
populations are multivoltine as they are capabl of producing three or more
4

generations a year (Pinder et al., 1991). Both Polypedilum nubifer and Chironomus

alternans, common nuisance species in Perth, Western Australia, are capable of
producing around six to seven generations per year under ideal conditions (Edward,
1986). It is high growth rates, overlapping generations, and multiply generations per
year that give these species the potential characteristics to become a nuisance
problem.

1.4.2 Food
The quality and quantity of food has a direct influence on the ability of chironomids
to obtain sufficient energy for growth (Pinder, 1992; Tokeshi, 1995). The
omnivorous ability of larval chironomids ensures that chironomids are not restricted
to a limited range of food types, therefore making them capable of obtaining food
regardless of seasonal abundance of specific food types. A study by Wild and Davis
(2003) revealed intra-specific variation in the utilisation of different food resources
by the same species at different wetlands, suggesting that chironomids are capable of
preferentially selecting food resources based on availability and nutrient content.
However, it is the combination of temperature and food availability which influences
the growth of chironomid larvae in natural environments (Tokeshi, 1995).

1.4.3 Biotic interactions
Intra- as well as interspecific competition, and predation, have a significant affect on
the growth rates and abundance of chironomid populations (Davis et al., 2002). The
abundance of competitors and predators will directly determine the ability of
chironomids to acquire food resources and achieve population growth. Einarsson et

al. (2002) revealed that the oscillations of certain midge populations were driven by
consumer-resource interactions. Alternatively, Chase and Knight (2003) indicated
that the abundance of predators after drying periods of semi-permanent wetlands was
a significant controlling factor on the abundance of nuisance insects.

1.4.4 Other factors affecting development
While temperature, food resources and biotic interactions remain the most influential
development factors for chironomids, there are a number of other factors which
interact to create on overall cumulative environmental influence, including dissolved
oxygen content of water, photoperiod, conductivity and toxic substances (Tokeshi,
1995).
5

1.5 Nuisance chironomid management

The tolerance of many chironomid species to poor water quality, high temperature
and overall degraded conditions makes chironomids very successful colonisers of
degraded urban wetlands. This problem is compounded by the limited long-term
treatment options currently available which are capable of controlling and impeding
the population size of nuisance midges.

A number of control methods have been employed by management bodies
responsible for the treatment of nuisance midges, including: larvicides and
pesticides, insect growth regulators (IGRs), light traps and biological controls via
pathogens and predation (Armitage et al., 1995). Further studies have investigated
the application of novel trap apparatus such as artificial wingbeat traps to attract and
trap adult male midges (Hirabayashi and Ogawa, 1999). In addition, the use of
synthetic analogues to deter oviposition of female chironomids has been investigated
(Ali, 1995).

The application of insecticides usually takes place when the density of chironomid
larvae in the affected wetland reaches a pre-determined threshold. In the case of Lake
Joondalup (Western Australia), an urban wetland which experiences high nuisance
levels, the threshold is achieved when mean densities exceed 2000 larvae m·2
(Pinder, 2001; Davis et al., 1993). Adult emergence rates and Yellow stick trap
counts are used as an action threshold in wastewater stabilisation ponds in central
Israel (Broza et al., 2003).

It has been acknowledged by Lamb (2001) and Lund (2003) that using larval density

thresholds is not a reliable way to predict future nuisance problems because there is
not always a correlation between larval densities and nuisance swarms. Furthermore,
this method does not take into account issues such as age structure and other
environmental influences on the occurrence of midge swarms (Lund, 2003 ).

Generally, larvicide is applied uniformly by helicopter over the entire wetland area
until the desired dosage is applied. A variation of this approach is seen in Lake
Joondalup, Western Australia, where treatment is restricted to midge population
'hotspots', allowing for refugia ( unsprayed areas) to be left for sensitive non-target
6

species (Lund, 2003). The application of broad-spectrum pesticides has been shown
to be successful in treating midge populations for up to 5 weeks (Pinder et al., 1991).
This relatively short control period is the result of a number of confounding factors
which limit the success of pesticide treatment. Firstly, the successive application
history of the same pesticide has caused resistance in some species (Lund, 2003;
Davis et al., 1990). In addition, the uneven coverage of the pesticide in treated areas
allows rapid recruitment and recolonisation of the sprayed areas in a relatively short
time period. The life history characteristics of the target species, namely high growth
rates, allow populations to quickly recover to nuisance levels.

The wetlands of the Swan Coastal Plain, Perth, Western Australia, are a hotspot for
nuisance chironomid problems in Australia. Lake Joondalup, by virtue of its
eutrophic conditions, large size and highly variable hydrological regime, has
experienced high frequency nuisance problems over the past decade. Control
programs over that time have been unable to successfully control the occurrence of
nuisance midge swarms. This has created an impetus to develop an effective and
environmentally sensitive control program centred on understanding the life history
characteristics, and population dynamics of pestiferous midges at the lake in relation
to environmental variables, as a way of predicting the occurrence and severity of
nuisance midge swarms. A conceptual model developed by Davis et al. (2002) has
enhanced the progress of conceptualisation of the unique nuisance situation
encountered at Lake Joondalup. This model sought to develop critical pathways of
nuisance problems based on the interactions of temperature, primary production and
foodweb interactions.

The aim of this study is to further develop the conceptual understanding of nuisance
chironomid populations at Lake Joondalup, by incorporating life history dynamics,
emergency phenology, oviposition behaviour and development rates into a
conceptual framework capable of improving the understanding of the factors
involved in the occurrence of nuisance populations.

Specifically, it will:
1. examine the population density, size-class distribution and emergence phenology
of nuisance species during dry and wet periods;
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2. examine the spatio-temporal distribution and oviposition behaviour of adult
chironomids~
3. investigate the development time and survival of a single cohort of the nuisance
species Chironomus alternans using in situ rearing enclosures~
4. synthesise the above information to produce a conceptual model that enhances
the predictive framework required to manage nuisance chironomid populations at
Lake Joondalup.

This thesis is divided into six chapters. Chapters 1 and 2 provide a comprehensive
background on the study, including a description of the climate, hydrology,
vegetation and human influences of the study site, Lake Joondalup. Chapter 3
examines the distribution, population dynamics and emergence phenology of
chironomids in relation to the habitat size during dry periods. Chapter 4 investigates
the oviposition behaviour of chironomids at Lake Joondalup. Chapter 5 examines the
in situ development rates of nuisance chironomid in relation to laboratory derived

growth rates. The final chapter (Chapter 6) is a general discussion aimed at
synthesising the results and discussion from previous chapters and relevant outside
information to produce a conceptual model of the nuisance chironomid problem
experienced at Lake Joondalup.
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Chapter 2

Study Site. Lake Joondalup

2.1 Location

Lake Joondalup is located within Yellagonga Regional Park, situated in the northern
suburbs of Perth, Western Australia (115°46'E, 31°44'8) (Figure 2.1). Lake
Joondalup is approximately 504 hectares in area, making it the largest wetland in the
Yellagonga wetland chain (Davis et al., 2002).

2.2 Climate

Perth experiences a Mediterranean climate, with typically warm, dry summers and
cool, wet winters. During summer Perth receives average maximum temperatures of
28, 30, 31° C for December, January, and February respectively. Perth's winter
rainfall comprises more then 60% of the mean annual rainfall of 600-800mm. For
much of the year climatic conditions allow east or south-east winds to prevail, while
during winter north-easterly and northerly winds dominate (Bureau of Meteorology
(BOM), 2003).

2.3 Geology
The lake is located in an interdunal swale of the Spearwood Dune System, which
consists of dark brown sandy soils overlying yellow/brown or brown sand.
Limestone is evident at one-metre depths below the coarse sand layers (Upton &
Kinnear, 1997~ McArthur & Bartle, 1980). Beonaddy and Karrakatta sands are other
soil types present with the Yellagonga Regional Park (DPUD, 1992). Karrakatta
sands consist of grey/brown surface soil overlying yellow sand and limestone
occurring within two metres of the surface (Upton and Kinnear, 1997). Beonaddy
sand is characterised by a grey surface layer that becomes lighter with depth (Upton
and Kinnear, 1997).

9

(i)

Western
Australia

Figure 2.1: Location of study site in relation to Perth, Western Australia (map
adapted from UBD, 2002).
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2.4 Hydrology

The lake is a seasonal surface expression of the groundwater table. The water regime
of the lake is dependent on the groundwater catchment, climatic conditions and
surface water/drainage inflows (Congdon, 1985). The lake undergoes drying periods
during summer as a result of evaporation. This is particularly evident after lower than
average winter rainfall, with large expanses of the lake drying and leaving small
pools along the western edges. The lake has an average maximum depth of 1.55m,
which is relatively deep compared to other lakes on the Swan Coastal Plain (Water
Authority of Western Australia, 1995).

The Yellagonga wetlands are located in part of the Pinjar Ground Water Scheme. As
a condition of the statutory regulations governing the scheme, the Water and Rivers
Commission is required to maintain the water levels above a preferred minimum
level of 16.7 Australian Height Datum (AHO), with an absolute minimum of 16.45
AHO. These nominated levels are supposed to ensure that the social and
environmental values of the wetland are maintained (Department of Planning and
Urban Development, 1992). The water levels at Lake Joondalup have dropped below
this threshold in the last five consecutive years.

2.5 Water Quality

The water quality of the lake has been assessed on many occasions since the 1970s,
with several studies confirming that the lake is eutrophic (Congdon & McComb,
1975; Gordon et al. 1981; Davis et al. 1993; Kinnear & Garnett 1999). Kinnear et al
( 1997) stipulated that possible sources of nutrients into the lake are from
Walluburnup and Beenyup Swamps located in the Yellagonga Regional Park. Other
major contributors to the nutrient loading of Lake Joondalup have been identified as
point source stormwater drains, septic tank leachate and agricultural fertiliser
(CALM, 2000).

Algal blooms during summer, promoted by elevated nutrients and high temperature,
have had a detrimental effect on the water quality of Lake Joondalup. These
conditions are also favourable for the chironomid midge, which is able to utilise the
virtually unlimited food resources and thus capable of high growth rates during warm
weather (Ali, 1995).
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2.6 Vegetation

The vegetation communities of Lake Joondalup have undergone drastic change as a
result of fringing urban development and past land uses, with much of the original
fringing vegetation communities now cleared or modified. Melaleuca raphiophylla
and Baumea articulata and Typha orientalis dominate the fringing vegetation. The
remaining vegetation communities are fragmented around the lake with stands of
flooded gum (Eucalyptus rudis) existing in some undisturbed permanently moist
soils. The understorey of the remnant areas consist of Acacia cyclops and A. saligna,
with rush species occurring close to the water edge (CALM, 2000; Upton and
Kinnear, 1997).

2.7 Biota

Lake Joondalup is considered an important seasonal wetland habitat, particularly for
migratory birds and waders. The diversity of habitats within the lake and the
surrounding fringing vegetation provides integral habitats for many important fauna
species (CALM, 2000). A study by Kinnear et al. (1997) identified over 121
macroinvertebrate taxa present in the Yellagonga wetlands.

2.8 Anthropogenic Influence

The surrounding terrestrial environments of Lake Joondalup have undergone
considerable change since European settlement. The Lake has considerable cultural
significance to the local Aboriginals, with the Mooro people inhabiting the area for
thousands of years (CALM, 2000). The lake was used for camping and hunting
activities. Market gardening and other horticultural practises have detrimentally
influenced the lake and surrounding landscape. In recent times there has been a shift
from horticulture to residential and urban development. This has reduced the buffer
of vegetation around the lake and also influenced the water quality of the lake. The
addition of fertilisers and urban runoff into the lake via point and non-point sources
has increased the nutrient levels in the lake (Upton, 1996). This has led to favourable
conditions for more pollution-tolerant aquatic organisms, such as some species of
Chironomidae (Lund et al., 2000).
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Chapter 3

Refuge Study

3.1 Introduction
Lake Joondalup experiences seasonal variation in water levels as a direct result of a
combination of rainfall variability, groundwater recharge and long-term climatic
trends (Upton 1996). Hydrographic information for the lake from the past 30 years
has shown that drying (drought) events, in which over 90% of the lakes surface dries
out over summer, has increased in frequency and severity in the past decade (Water
and Rivers Commission, 2003). It is now common for surface water to be present in
only a few pools on the western fringe of the lake for long periods between late
summer and autumn.

Modification of the hydrology has seriously affected the aquatic fauna and emergent
vegetation of the wetland system. Long term changes to lake-level fluctuations and
even short-term extreme events are likely to lead to alteration of habitats and aquatic
community structure. The degree of effect will depend on the duration, timing and
frequency of the hydrological events (James et al., 2002).

Aquatic invertebrates must either survive periods of low water level with desiccation
resistant life-cycle stages or persist in nearby water bodies and colonise newly
flooded habitats by swimming or flying (Williams, 1996). The survival of fauna
populations through these periods will determine the recolonisation potential and
population growth capability of these organisms when the lake refills (Chase and
Knight, 2003 ). This is of critical importance to sensitive species, especially those
organisms which have longer generation times, and require extended periods of
stable, hydrological conditions to complete their life-cycle.

Many chironomid species are known for their rapid generation times, high fecundity
and ability to tolerate poor environmental conditions (Edward, 1964 ). These enable
chironomid larvae to persist and achieve rapid recovery rates, on a time scale of
weeks rather than months, when habitat is restored by rising water levels. In addition,
some chironomid species are able to survive for up to three months by burrowing
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into the substrate, aiding in the re-colonisation of wetlands when surface water
returns (Kaster and Jacobi, 1978).

The degree of contraction of chironomid populations over dry periods is important in
gaining an understanding of the re-colonisation and growth potential of nuisance
chironomid species. This information is important for predicting the severity of
nuisance chironomids when the lake refills, and potentially aiding in the efficacy of
treatment programs which focus on these spatially restricted populations.

This chapter examines several life history characteristics of nuisance chironomids
during seasonal drought periods; specifically, population distribution, density,
species composition, size class dynamics and emergence phenology.

3.2 Methods and Materials

3.2.1 Distribution Survey

Densities and the spatial distributions of larval chironomids were determined
between the gth May and 6th June 2003 at Lake Joondalup. To determine whether
chironomid larvae aestivate within the sediment during dry periods, core samples
were taken from both wet and dry areas. Dry areas refer to sediment with no standing
water present. Water levels were low at this time of year with standing water being
restricted to large pools on the western fringe, and smaller intermittent pools present
on the eastern side of the lake. Water depth at this time was 16.18m Australian
Height Datum (AHD)(Waters and Rivers Commission, 2003). On the first sampling
occasion (8th May) the hovercraft (supplied by CALM) developed mechanical
problems and only ten sites were sampled. On 22nd May a further 50 sites were
sampled, 25 dry sites and 25 wet sites. The location of sample sites are given in
Figure 3.1. Because of the limited amount of larvae collected on these sampling
occasions it was decided to conduct more core sampling in the remnant pool located
on the western edge of Lake Joondalup. Consequently, on the 28th May and the 2nd
June, a further 35 sites were sampled at random locations within the pool.

On all sampling occasions, one bulked sediment sample consisting of three core

samples was collected at each site, using a long perspex corer (2m x 0.044m
diameter). The corer was forced vertically into the sediment to a depth of
14
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Figure 3.1: Location of sample sites during refuge survey at Lake Joondalup with
wet and dry sites shown.
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approximately 0.2m to ensure any deep burrowing larvae were collected. The top
was sealed and the corer removed from the sediment and the contents placed into
zip-lock bags. The site number and map coordinates (GPS) were then recorded on
waterproof paper labels and placed into the bag. A sweep net (0.34m diameter,
250µm mesh size) was used to sample free living larvae located in the water column.
Sweep samples were taken at four sites, replicated three times at each site, on the 28th
May and the

2nd

June. Standard methods were employed each time, which involved

covering a distance of four metres and sweeping for 30 seconds.

Sediment and sweep samples were sorted within 36 hours, keeping the organisms
alive. The chironomid larvae were removed from the sediment in the laboratory
using the calcium chloride flotation method described by Davis et al. (1989). They
were then counted and identified before preservation in a solution of 70% ethanol.
Larval identification to species level was then undertaken using the Voucher
Collection of Dr Mark Lund (held at Edith Cowan University) and Davis and
Christi dis ( 1997).

3.2.2 Size Class Dynamics

Life history information in the form of instar composition was determined by
measuring the widths of larval chironomid head capsules under a microscope with a
calibrated ocular micrometer. Size-frequency histograms were used to determine
whether cohort structure could be identified from the field samples taken during the
sampling period. This standard method is used as a proxy for life stage composition
because the head capsule maintains its form during preservation better than the softer
parts of the body such as the thorax and abdomen (Tokeshi, 1995).

3.2.3 Emergence Phenology

Adult emergence monitoring was used in conjunction with larval distribution to
determine the relationship between densities of chironomid larvae in the sediment
and emergence from the lake during dry periods. Quantification of adult chironomid
emergence from Lake Joondalup was determined over a one month period (11th June11 th July) by placing ten submerged emergence traps into the littoral region of Lake
Joondalup. The littoral region was chosen because high density of larvae and
collection access. The traps consisted of a funnel of diameter (0.21m diameter) with
a small container attached to the spout of the funnel. Support struts consisting of a
16

I.Om length metal bar (4.0mm diameter) bent into au-shape were attached through
holes in the side of the funnel. The traps were then inverted and placed into the water
to a depth of O. lm. The emergence traps were checked almost daily during this time
period. Adult midges were removed from the traps by inverting the traps and
spraying 70% ethanol into the funnels. The traps were reset at a random location
nearby. The deceased adults were then removed from the collection container and the
container reattached. Adult identification was undertaken back at the laboratory to
determine species and sex composition based on the identification key available in
Freeman (1961). Emergence rates over 24-hours were corrected for area and the
number of days since the traps were last collected.

3.3 Results
3.3.1 Distribution Survey

Relatively few chironomid larvae were collected in the core samples taken on the 8th
and 22nd May. The core samples did not detect the presence of midge larvae in dry
areas, and few larvae were collected from the wet areas. Of the 60 sites sampled,
only six sites recorded the presence of midge larvae. The mean larval densities from
these six sites was 1590 ± 231 larvae m-2 with a maximum density of 2632 larvae m2.

Three species of larval chironomid were recorded; P. nubifer, C. alternans and P.

villosimanus. The water depths recorded during the survey varied from O to 0.65m

with a mean depth of 0.1 ± 0.021 m. The deepest sites (>0.5 m) were located on the
western side of the lake. These deeper areas were the only sites which recorded the
presence of chironomid larvae.

The distribution surveys conducted on the 28th May and the 6th June were successful
in detecting the presence and population density of midge larvae in the remnant pool
area. On these sampling occasions the total depth varied from 0.25 to 0.9 m with a
mean depth of 0.54 ± 0.03m. The total coverage of the remnant pool was
approximately 75ha or 15% of the total surface area of the lake.

Species composition of sampled larvae was similar to those of the previous
distribution survey with P. nubifer, C. alternans and P. villosimanus being the only
chironomid species present in the benthic core samples. Total larvae densities ranged
from Oto 17976 larvae m-2 with a mean larval density of 1700 ± 608 larvae m? Of
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the three larval chironomid species recorded, P. nubifer was the most abundant
species consisting of 58% of the total chironomid population, compared with C.
alternans (36%) and P. villosimanus (6%) (Figure 3.2). The larval densities of P.
nubifer ranged from Oto 7452 larvae m-2 per site with an overall mean density of

1002 ± 340 larvae m-2. Chironomus alternans densities ranged from Oto 8988 larvae
m-2 with a mean of 620 ± 274 larvae m-2. P. villosimanus densities ranged from Oto
1534 larvae m-2 with an overall mean density of 106 ± 52 larvae m-2. This species
was only recorded at six sites during this second distribution survey.

The sweep samples conducted in the littoral region of the remnant pool revealed the
presence of an additional three chironomid species not found in the benthic core
sampling (Figure 3.3). P. nubifer, C. alternans and P. villosimanus were still the
most abundant species collected in the sweeps, accounting for 72, 14 and 10% of the
species composition respectively.

The chironomid species of Chironomus

occidentalis, Kiefferulus martini and Tanytarsus fuscithorax contributed less than 4

% of the total species abundance.

3.3.2 Larval Population Dynamics

Head capsule width was measured for each chironomid larvae collected from benthic
core sampling in the refuge pool. The distribution of possible size class cohorts from
benthic samples in the remnant pool population is presented in Figure 3.4. Three size
classes were evident for P. nubifer, with 2nd instar consisting of head widths of
between 0.1-0.21mm, 3rd instar head width of between 0.23-0.32mm and 4th instar of
between 0.33-0.6mm. The majority of P. nubifer were 3rd instar larvae with 73
individuals, while there were 27 2nd and 58 4th instar larvae respectively. Three size
classes were apparent for C. alternans, with 2nd instar larvae having head widths of
0.2mm, 3rd instar of between 0.25-0.32mm and 4th instar.
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between 0.4-0.8mm. The majority of larvae were present in the 4th instar stage with
59 larvae present, with the 2nd instar containing 8 individuals and the 3rd containing

29 larvae.

Only one size class was apparent from the analysis of the size -frequency histograms
of P. villosimanus, with the majority of larvae having head widths of 0.7mm. This
size-class can be interpreted as the 3rd instar of P. villosimanus in accordance with
Edward (1964 ). This species is recognised as having a univoltine lifecycle, which
signifies a longer development period and limited recruitment potential (Edward,
1986). As such, larger instar larvae would be expected to be collected on most
sampling occasions, depending on the recruitment history of the species.

Size-class frequency for the individuals collected from the sweep samples revealed
similar instar distributions for P. nubifer, C. alternans and P. villosimanus
encountered from the core samples (Figure 3.5). The limited number of individuals
collected for the rare species, namely, Chironomus occidentalis, Kiefferulus martini
and Tanytarsus fascithorax made instar frequency analysis difficult and as such the
interpretation of the data was limited.
3.3.3 Emergence Phenology

Data from the monitoring of the emergent adult population present within the refuge
pool on the western fringe of Lake Joondalup over a one-month period from the 11th
June to 10th July is presented in Figure 3.6. The total mean emergence rate was 20 ±
3 adults/m2/night over the sampling period, with emergence ranging from 20-58
adults/m2/night. The adult chironomid species P. nubifer and C. alternans were the
only species present in the emergence traps. Chironomus alternans accounted for
63% of the emergent adults, with P. nubifer recording 37% of the adults. The mean
emergence of C. alternans was 13 ± 1 adults/m2/night, with emergence ranging from
7-20 adults/m2/night. Polypedilum nubifer recorded mean emergence of 7± 0.83
adults/m2/night, with emergence ranging from 2-12 adults/m 2/ night.
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monitoring.

No apparent trends in emergence were evident over the period of monitoring. The
asynchronous development of the larval population is obvious in the emergence
phenology of the adult population, with continuous emergence occurring over the
monitoring period. Emergence of adult chironomid accounted for approximately 0. 77
and 2.25% of the larval population of P. nubifer and C. alternans respectively, based
on population estimates from the second distribution survey. The sex ratio for both
species collected from the emergence traps were similar to each other, C. a/ternans
recording a mean ratio of one male to 1.1 female and P. nubifer recording a mean
ratio of one male to 1.45 females.

3.4 Discussion

The distribution survey of the lake revealed that the chironomid population is
spatially restricted to with have seasonally permanent surface water which in summer
are the remnant pools located on the western edge of Lake Joondalup. The
heterogenous distribution of the midge population during dry periods is evident in
the high standard error recorded from the core samples collected. Ruse (1994)
identified a number of factors which contribute to the patchy distribution commonly
encountered in distribution surveys of midge populations, namely, microhabitat
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differences, random disturbances, stochastic environmental variables and resource
partitioning. In addition, sampling errors in the sorting method, limited sampling size
and number have been identified by Lobinske et al. ( 1996) as also contributing to the
inaccuracy of estimating larval benthic communities. Tokeshi (1995) suggests taking
caution when interpreting data concerning density and population dynamics of larval
chironomid because of the combined factors mention above. However, it is evident
from the amount of samples taken during the distribution survey of Lake Joondalup
that larval chironomid population density was restricted to areas of permanent
standing water.

Past studies on the population densities and life history dynamics of nuisance
chironomids at Lake Joondalup have focused on accessing the population during
periods when surface water is present over the entire lake (Lund et al., 2000). This
current study was concerned with the distribution and density when the surface water
was restricted to remnant pool areas. A comparison between the applicable areas
surveyed in both studies, revealed that densities within the refuge pool (1700 larvae
m"2) were similar to those found in the same area when the lake was full (2000-2500
larvae m·2). This suggests that midge population density is temporally stable over the
entire year, while the total area of the lake fluctuates on a seasonal basis.

The six species collected during the distribution survey with core and sweep samples
were all species commonly recorded in Perth wetlands. Lund et al. (2000) recorded
the presence of Dicrotendipes conjunctus in addition to the same species collected in
this survey. Interestingly, Davis and Christidis (1997) only recorded the presence of
four chironomid species (P. nubifer, C. alternans P. villosimanus and Cladopelma
curtivalva) of which Cladopelma curtivalva was not present from core samples
undertaken during this study. The absence of both Dicrotendipes conjunctus and
Cladopelma curtivalva from the refuge study could be due to the rarity of these
species at the lake, or a combination of sampling error and seasonal fluctuations in
abundance. The high abundance of P. nubifer and C.alternans recorded in this study
is similar to other studies such as Lund et al. (2000) and Lamb (2001). However, the
limited number of C. occidentalis enumerated from the distribution survey is in direct
contrast to the previously mentioned studies, which recorded high densities of
C.occidentalis within Lake Joondalup.
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The larval population contained high numbers of 3rd and 4th instar larvae and a lack
of

1st

instar larvae in the dominant species, P. nubifer and C.alternans. This can be

attributed to sampling error, with the sorting method unable to enumerate planktonic
size larvae with the naked eye. In addition, Tokeshi (1995) indicated that as a result
of rapid development in the early instars, a large proportion of instar life stage is
spent in the last instars, and as such it would be expected to record the highest
proportion of larvae in these stages. Both species displayed indistinguishable cohorts,
with larvae present at all discernible age classes. This indicates successive
recruitment into the larval stage from extended, continuous oviposition or
extended/delayed eclosion of eggs. Both species display over-lapping, multivoltine
lifecycles as documented by Edward (1964). The emergence monitoring supported
this assertion, with continuous emergence of both species recorded over the sampling
period.

Although some macroinvertebrates colonise newly flooded wetlands after aestivating
in non-flooded soil sediments (Kaster and Jacobi, l 978~ Williams, 1996), this
mechanism does not seem to be employed by the chironomid population at Lake
Joondalup because no chironomid larvae were present in the deep core samples taken
from dry sediment. Edward (1986) recorded only two Western Australian
chironomid species capable of surviving desiccation events with the use of droughtresistant adaptations. Edward (1964) suggests that most species are opportunistic
colonisers and the larvae show no adaptation to desiccation and will thus die off as
waters recede. However, it is possible because of the limited number of sample sites
and generally patchy distribution of the benthic larvae, that aestivating larvae were
missed by this study.

The distribution survey of the lake indicated that areas of permanent standing water
are capable of supporting high midge densities over the period of low water levels.
Several studies have identified water depth and habitat coverage, as being a major
influence on the spatial distribution of chironomid larvae in wetlands. Verneaux and
Aleya (1998) reported that chironomid communities in Lake Abbaye (France) were
primarily influenced by bathymetric and sediment gradients within the lake and
seasonal water chemistry characteristics. While Lobinske et al. (2002b) found that
habitat characteristics had a larger influence on the fluctuations of chironomid
25

populations than that of seasonal environmental variables. The present study
indicated that the total coverage of the habitat area plays an intrinsic role in the
seasonal variations of chironomid populations. The overlapping population dynamics
of the two major pestiferous species found in the refuge study, P.nubifer and
C.alternans, revealed that the ability of these multivoltine species to perpetuate a

viable population and actively recruit into the larval stage from emerging adults is
not inhibited by retraction of habitat size. The overall size of the standing water does
however determine the total population of the chironomids at different seasonal
scales. This is evident in the fact that the lake is capable of supporting dense
chironomid populations when standing water is present over the entire lake, however
when the water level and habitat coverage begins to recede in late summer and early
autumn, chironomid populations become patchy and more sparsely distributed, with
relatively dense populations only present in remnant pool areas. This relationship can
conveniently be described by the concept of source and sink habitats (Frouz and
Kindlmann, 2001). In the case of Lake Joondalup, the source habitats are those areas
with standing water present all year, while the sink habitats are those areas which
show extreme fluctuations in water level from completely dry to presence of surface
water.
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Chapter 4

Oviposition Survey

4.1 Introduction

The life of adult chironomids is primarily concerned with mating and the successful
oviposition of progeny in suitable habitats. Oliver (cited in Armitage, 1995, p. 220)
identified three main modes of movement in adult chironomids. These included, 1)
initial dispersal from eclosion site to resting area, 2) swarming flight, and 3)
oviposition flight of females. Female chironomids deposit their eggs at or close to the
surface of the water commonly attached to substrata such as reeds, logs and other
hard substrates. The egg laying behaviour and the selection of oviposition sites, in
addition to the subsequent redistribution of egg-masses through drift and active
dispersal of first instar larvae, are primarily responsible for determining the
distribution of larval chironomid populations (Pinder, 1995).

Of particular interest to the management of nuisance chironomids is the significance
of these factors in determining the rate of recolonisation and subsequent spatial
distributions of larval chironomids following the application of larvicide, or, after
reflooding following dry conditions. The elucidation of preferential oviposition
locations by female chironomids within target areas is important in the design of
more appropriate nuisance control programs can be more spatially refined to target
areas that are known locations of midge oviposition. In addition, determining the role
oviposition site selection plays in deciding the location of larval population hotspots
has significant implications in the management of nuisance chironomid populations
at Lake Joondalup (Lund et al., 2000). This chapter presents data on the oviposition
behaviour of chironomids at Lake Joondalup and examines the relationship between
oviposition site selectivity and subsequent larval distribution.

4.2 Methods

A single oviposition survey was conducted weekly over a period from the 25th
August to the 26th September to determine the egg laying behaviour of female adult
chironomids at Lake Joondalup. Jarrah mill ends (0.25m x 0.12 x 0.05m) were used
as artificial oviposition substrates (referred to as egg traps). Rope approximately 2m
long was attached to the wooden planks allowing the substrate to float freely in the
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water. Bricks were used to anchor the rope. A piece of Styrofoam (0.1 x O. lm) was
threaded onto each length of rope to act as a location marker. A successful pilot
study determined that the jarrah mill ends were appropriate as artificial oviposition
sites for female midges. To determine the site selectivity of oviposition, three
location types were assessed, namely shoreline, open water and islands. Four egg
traps were placed approximately 200m apart along the shoreline on each side of the
lake, three egg traps were placed near fringing reeds at each of the main islands
located at Lake Joondalup and six egg traps were placed randomly in open water,
away from all vegetation and the shoreline. The traps were checked the day after
placement, egg masses were counted, the plank scrubbed and returned to the same
location. The mean number of egg masses deposited over a 24 hour period at each eg
trap is expressed as the rate of oviposition. A two-way ANOVA was used to
determine whether there were differences in oviposition. Data was checked for
normality and homogeneity of variance between the sites and over time.

4.3 Results

The oviposition trends apparent over the study period are presented in Figure 4 .1.
The rate of oviposition at each location type decreased over the duration of sampling.
Oviposition traps placed near the shoreline received the highest rate of oviposition
with a overall mean of 9 egg masses deposited per trap per night. The traps located
near the islands recorded an average egg mass count per trap of 3.5 over the
sampling period. While the traps located in open water recorded a mean egg mass
count per night of 4. No significant difference between locations was evident
(P>0.05: /=3.88). Mass deposition of egg masses {>50) was recorded on some egg
traps, suggesting the occurrence of communal oviposition.
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Figure 4.1: Oviposition rate of all locations with time.

4.4 Discussion

There was no evidence that females selectively oviposited based on the locations
surveyed. This suggests that oviposition site selection is a highly stochastic
behaviour which may be based on a number of partially related factors such as
swarm location, species involved, location of suitable substrata and local weather
patterns at time of oviposition. The survey confirmed that female chironomids will
lay eggs on any suitable substrata present in the lake regardless of the specific
location. Armitage (1995) reported similar oviposition behaviour in generalist
chironomid species inhabiting standing water-bodies. Generalist species commonly
do not posses the ability to distinguish between habitat quality in relation to
oviposition location and will opportunistically lay eggs soon after mating. This
behaviour may be related to the lack of feeding evident in most chironomid species.
A female must conserve energy supplies to produce eggs so a limited amount of
energy is retained for oviposition flights. However, more selective oviposition has
been observed in coloniser species which directly choose suitable oviposition sites
based on habitat quality and the presence of conspecific competitors and predators
(Stevens, 2000). In the case of coloniser species, the selection of suitable oviposition
sites is critical to the success of the larval population because of the harsher
environments in which these species persist.
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The application of pesticide on the lake to control larval chironomids on the 18th
September coincided with an increase in emergence of adult chironomids, recorded
in an unsprayed part of the lake near the in situ growth enclosures (Chapter 5).
Pinder et al. (1991) and Lund et al. (2000) have also reported an increase in
emergence after spraying. Interestingly however there was also a notable decrease in
the rate of oviposition recorded after this treatment with mean oviposition rates
decreasing by over 50 % at all locations on the 19th September. The significance of
this observation to the management of nuisance chironomids is hard to determine,
but further research into possible oviposition deterrence capability of certain
chemicals would be worthwhile. Initial research by Stevens (2003) found that the
application of certain bioextracts to rice fields deterred the oviposition of chironomid
pest Chironomus tepperi by simulating a rice field to appear as an 'old' environment.

Chironomus tepperi have developed a mechanism to distinguish between newly
flooded and those habitats flooded for an extended period. Thus by simulating an
environment to appear 'old' the bioextract is effectively tricking the female
chironomid to oviposit somewhere else. In addition, Williams (cited in Armitage,
1995, p.219) reported female chironomids avoiding ovipositing in water high in toxic
compounds, suggesting an ability of female chironomids to discriminate between
water qualities.

The degree to which the stochastic oviposition behaviour shown in this study is
related to the location of larval hotspots evident from benthic surveys of the lake is
difficult to elucidate. A number of factors, including female oviposition location,
benthic habitat suitability, swarming location and wind induced water current have
the potential to influence the ultimate location of larval hotspots. It is a possibility
that larval chironomid emanate directly from oviposition areas into more open water
habitats and that the exact location of the initial site of oviposition is of limited
relevance to the final location of larvae.

However, the non-selective nature of female chironomid oviposition at Lake
Joondalup has direct implications for the recolonisation of treatment areas following
pesticide spraying. Rapid recolonisation of treatment areas by ovipositing females is
assisted by the high dispersal capabilities of first instar larvae (Ali, 1996a). Lake
Joondalup by virtue of its large size and the difficulty in achieving uniform coverage
of pesticides in treatment areas will always have a large pool of potential
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recolonising larvae and adult chironomids. Add to this the high development rate of
chironomid populations throughout the year and it is clear to see that effective
control of chironomids under the current treatment regime is a challenge.
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Chapters

In situ growth experiment
5.1 Introduction

Chapter 3 attempted to determine the population size of chironomids at Lake
Joondalup during dry periods. In Chapter 4, the oviposition behaviour of
chironomids at Lake Joondalup was investigated to determine the influence of egg
laying on the distribution of larval population. Another key factor in understanding
the ecological underpinning of seasonal fluctuations in nuisance chironomid
populations is development rate of certain pestiferous chironomids under field
conditions.

5.1.1 Development Rates

Development refers to the progression towards reproductive maturation from the egg
stage onwards (Lobinske et al., 2002a). The rate of development has a significant
influence on the lifecycle and population dynamics of chironomids. In a Western
Australian context, Polypedilum nubifer, a warm weather species, exhibits quick
development rates and low mortality under high temperature regimes (Edward, 1964;
Suffell, 2002). This physiological adaptation allows a cohort to develop from egg to
imago in a relatively short time period and enables a population to reach nuisance
levels under ideal conditions relatively quickly. In contrast, univoltine species, which
take one or more years to complete a generation spend the longest period of larval
life in the fourth instar. This extended larval stage limits the potential for immense
population growth (Ali, 1991).

Laboratory growth rates and development times have been used in several studies to
estimate the life history characteristics of selected chironomid species (Balci &
Kennedy, 2002; Edward, 1964; Lobinske et al. 2002a; Suffell, 2002). Laboratory
growth experiments are popular as development rates can be measured under a range
of controlled temperatures. However, the validity of such investigations have been
questioned on the grounds that they do not give a true indication of development
rates because larvae are reared under artificial conditions, fed high nutrient diets and
lack inter-specific competition and predation pressures expected under natural
conditions (Lindegaard & Mortensen, 1988). The determination of development rates
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under field condition is seen to be an improvement on laboratory growth experiments
because reared larva are subjected to physical, chemical and biological influences
experienced under field conditions (Hauer & Benke, 1991 ).

5.1.2 Control Implications
The elucidation of nuisance chironomid development rates under field conditions has
the potential to aid in the development of control programs which are refined to the
biology of the field population (Lobinske et al., 2002a). Specifically, nuisance
chironomid control has the potential to become more efficient when treatments are
timed to coincide with the development rates of the target species. For example, the
frequency of application of insecticide is integral to successful population control. A
more effective control outcome is achieved when treatments are applied at frequency
less than the generation time of the target species (Ali, 1995). In addition, knowledge
of development rates of individual cohorts can aid in the prediction of population
densities of target species in relation to seasonal fluctuations in temperature and
habitat size. These factors have been found by numerous researchers to be major
drivers in the population dynamics of many chironomid species (Ali 1995~ Batzer et

al. l 997~ Frouz et al. 2002~ Lobinske et al. 2002b). By having a detailed
understanding of the population dynamics at different temporal intervals, control
programs can be initiated to coincide with vulnerable times of the target population.

The objective of this chapter is to describe a field-based development rate for the
nuisance chironomid species Chironomus alternans with the use of in situ enclosures
which maintain natural conditions. This information is integral to the development of
alternative management options which focus on the vulnerable life stages of nuisance
chironomids. Furthermore, it increases the ability to predict the seasonality of
nuisance populations based on cohort development times.
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5.2 Methods and Materials

5.2.1 Enclosure Design and Materials

The enclosures consisted of a plastic slotted linen bin (H: 0.67m, Top Diameter
0.315m, Bottom Diameter 0.48m). Dress liner fabric was fitted around the bin with
waterproof sealant (Selleys All Clear™) and staples. A round opening was made into
the bottom of the bin, where a funnel (H: 0.3m, D: 0.21m) was attached with
waterproof sealant. A plastic collection container with a round aperture in its lid was
then placed over the spout of the funnel and sealed with waterproof sealant. The
enclosures were designed to prevent larvae from entering or leaving the enclosures,
but allow water exchange. A pilot study in the laboratory suggested that the mesh
was small enough to restrict first instar larvae passing though it.
A total of ten enclosures were placed at random locations within a 30m2 area in the
southern section of Lake Joondalup. This location was chosen as an experimental site
because of ease of access considerations, stable sediment composition and it was
located away from pesticide treatment areas. The site was located approximately
50m offshore to ensure that the enclosures were not visually apparent and also to
reduce the possibility of vandalism.

Each enclosure was pushed into the sediment to about 0.15m deep and secured with
three bricks using cable ties. The entire enclosure was submerged into the water
column, with only the emergence apparatus emerging above the waterline (Figure
5.1 ). In each enclosure Abate® pesticide was applied at the recommended dosage of 3
kg ha" 1 (Lund et al., 2000), which is approximately 0.0028g per enclosure to
eliminate any residual chironomid larvae in the sediment beneath the enclosures.
This was to ensure that remnant chironomid larvae did not interfere with the
quantification of emergent chironomid numbers following the "spiking" of the
enclosure with Chironomus alternans egg masses. The enclosures were left for 36
hours so that any residual pesticide had time to dissipate in accordance with Davis et

al. (1990).

Eggs were collected the previous day to the commencement of the experiment from
artificial oviposition traps (0.25m x 0.12m x 0.05m) attached by rope to fringing
reeds near the edge of the lake. Suffell (2002) found these traps to be suitable for
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collecting chironomid egg masses in the lake. In addition, Edward (1964) observed
females of both Chironomus alternans and Polypedilum nubifer ovipositing on hard
substrates near the water surface. Eggs were removed from the wood with tweezers,
placed in lake water filled containers and taken back to the laboratory for
identification according to Edward ( 1964). The abundance of eggs within each egg
mass was then determined. One Chironomus alternans egg mass per enclosure was
placed into five randomly selected enclosures. The remaining five enclosures acted
as controls for the in situ growth experiment with no egg masses added.

The in situ growth experiment was initiated on the 25th July 2003 however a severe
storm event on the 1st August lifted many enclosures from the lake bed. The
experiment was restarted, however this time the enclosures were stabilised and
reinforced to ensure that they would not become uprooted again during possible
storm events. Three wooden stakes (approximately 1.5m long) were driven into the
sediment to a depth of approximately 0.8m and placed flush against the enclosures,
the stakes were then fastened to the enclosures with rope. Three metal skewers (L:
0.5m, D: 5mm) composed of reinforcing steel were placed in holes at the bottom
edge of each enclosure to secure the enclosure to the lake floor.

The enclosures were restabilised on the 9th August, treated with pesticide and five
randomly selected enclosures were spiked with one C. alternans egg mass per
enclosure on 11th August. The number of eggs per egg mass were recorded for each
spiked enclosure, as follows~ 82l(enclosure 7), 668(enclosure 3), 112l(enclosure 8),
1020 (enclosure 5) and 820 (enclosure 10). Emergence of adult midges from the
enclosures was monitored weekly during the experiment. Adult chironomid were
extracted from the emergence traps located on top of the enclosures. Adult midges
were sucked into a sample container, counted and removed with tweezers into a
sample jar containing 70% ethanol solution. Emergence rates over a 24-hour time
period were corrected for area and the number of days since the enclosures were last
monitored. The number of adult midges emerging/m2/night is expressed as the rate of
emergence. To obtain a more realistic indication of the development rates of
C.alternans from the spiked enclosures, the average emergence rate of C.alternans

from the control enclosures was taken from the average emergence rate of the spiked
enclosures.
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Survival rates were determined by enumerating the number of C.alternans adults
emerging from each spiked enclosure and dividing by the number of eggs placed into
the relevant enclosures at the start of the experiment. Data collected from the spiked
and control enclosures were compared by two-way ANOVA over time.
Homogeneity of variance and normality were checked with residual plots and
transformation performed as required.

5.2.3 Physical and Chemical Parameters

Monitoring of physical and chemical parameters of the lake and enclosures was
undertaken on a weekly basis during the experiment. Analysis of conductivity,
dissolved oxygen, and pH of the lake water was performed in situ using a YEO KAL
intelligent water quality analyser (Model No. 611, YEO KAL Electronics Australia).
Periodic monitoring of the physico-chemical properties of the enclosures namely
conductivity, dissolved oxygen and pH was undertaken using WTWTM handheld
meters as the probes attached to the meters were small enough to fit through the
aperture located on top of each enclosure.

Two HoBo Stowaway™ temperature dataloggers were used to record the water
temperature at 30 minute-intervals throughout the experiment period. The
temperature was recorded approximately O. lm below the waters surface and O. lm
above the sediment. The data loggers were attached to a piece of bamboo stake
adjacent to one of the enclosures. Hydrograph information was supplied by the Water
and Rivers Commission, Western Australia for station Q6162572- Lake Joondalup
8281. The photoperiod was determined during the experiment from sunrise-set times
supplied by the Perth Observatory.

Biweekly water samples were collected from the lake water to determine the
chlorophyll a concentration in the water column. A total of five water samples (0.4
L) were collected and amalgamated into a single bulked water sample on each
occasion. Biweekly water samples were also taken from the enclosures to determine
chlorophyll a concentrations. Water samples (0.4 L) were collected from five
randomly selected enclosures and then bulked into a single water sample. Both
sample bottles from lake and enclosures was taken back to the laboratory where 1 L
of lake water was filtered through 0.45 µm glass fibre filter paper (Metriguard™)
using a filter tower. The filter paper was removed from the filter tower, placed onto a
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sheet of aluminium foil, folded and stored in a freezer for later analysis. Chlorophyll

a concentrations were determined by using the DMF extraction method, digested for
24 hours and measured spectrophotometrically in accordance with Spezaile et al.
(1984).

5.2.2 Lake Chironomid Population Dynamics

Weeldy monitoring of the larval population dynamics and production (adult
emergence) of chironomids was undertaken in the lake area surrounding the
enclosures (total area - 25m2) in order to make direct comparisons with the
production of the single cohort reared in each of the spiked enclosures. Tokeshi
(1995) stipulates that observation of both larval instar composition and emergence
patterns are required to gain an understanding of the population dynamics of
chironomid populations.

A total of five randomly selected sites surrounding the enclosures were sampled for
benthic larvae using a sediment corer. Methods were analogous to previous core
sampling/sorting undertaken in the refuge study, however a total of five core samples
were combined into a single sample at each of the five sites. A total of eight
emergence traps were placed in the water column surrounding the enclosures. These
traps were checked weekly, with similar procedures used to that of the refuge study.
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5.3 Results

5.3.1 In situ Development Rate of Chironomus alternans

Emergence of C.altemans from the enclosures spiked with egg masses commenced
22 to 30 days after egg inoculation reaching a maximum at 44 to 51 days. The
development rate from egg to adult for C.alternans under in situ conditions was
determined by observing when the highest emergence rate was recorded from the
spiked enclosures. Consequently, the development rate for C.alternans in the field
was approximately 48 days. However because emergence was also recorded in the
control enclosures during the experiment there is a possibility these development
estimates have been influenced by extraneous chironomids. This discrepancy was
accounted for in the final development rate estimates, with the emergence rates of
C.alternans taken from those reported in the inoculated enclosures.

Only two chironomid species, P.nubifer and C.alternans were collected from the
enclosures and emergence traps set immediately outside the enclosures (lake) during
the experiment. Emergence rates in all the areas varied significantly (p< 0.05~

/=

15.60) from each other with both enclosure types experiencing considerably lower
emergence compared to the external area. The mean emergence rate for the external
area was 10.7 ± 1.5 adults/m2 /night for C.alternans and 29.5 ± 4.3 adults/m2 /night for
P.nubifer. This compared with a mean emergence rate of 1.0 ± 0.05 adults/m2/night

and 3 ± 0.21 adults/m2/night for C.alternans and P.nubifer, respectively in the
control enclosures. The spiked enclosures recorded a mean emergence rate of 3.5 ±
0.38 adults/m2/night for C.alternans and 1 ± 0.08 adults/m2/night for P.nubifer.

The patterns of adult emergence from each enclosure type showed variable trends
over the duration of the experiment (Figure 5.1 ). In the spiked enclosures,
C.alternans recorded initial emergence after 22 days, a gradual rise in emergence

rates was then evident until a maximum emergence rate was recorded between 44-58
days after the start of the experiment. A noticeable decline in emergence rates was
then observed until the end of the experiment period. In the control enclosures, initial
emergence of the dominant species P. nubifer was recorded after only the first week
of monitoring, this initial peak then subsided, until maximum emergence was evident
44 to 51 days after the start of the experiment. The emergence trends observed in the
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spiked and control enclosures showed little similarity compared to the emergence
patterns recorded from the external area. Not only was the lake emergence rates of
higher magnitude, but sporadic peaks of emergence were evident.

The two-way ANOVA comparing the total rate of emergence (and individually for
C.alternans and P.nubifer) in the spiked enclosure with that of the control

enclosures, showed that the two areas differed significantly (p< 0.05;

J=

10.5)

throughout the experiment, with the spiked enclosures recording higher levels of
total emergence than that of the control enclosures. On a species basis, there was
significant (p< 0.05;

J= 17.4) difference in the individual emergence of each species

between enclosure types. Interestingly, C.alternans accounted for 75% of the total
emerging chironomids from the spiked enclosures, while P.nubifer constituted more
than 60% of the total adult emergence from the control enclosures. Average
survivorship for C.alternans from the in situ growth enclosures was only 4%. This
constituted an average of 40 adults successfully emerging from each egg mass.

5.3.2 Environmental Parameters

5.3.2.1 Temperature

The water temperature at the surface and bottom layer of the water column showed a
diel fluctuation during the courses of the in situ growth experiment. There was
limited variability between top and bottom water temperature readings during the
experiment. However, during the later stages of the experiment the temperature
differentiation became more apparent, with the top layer of the water column
recording slightly higher temperatures than that of the bottom layer. The mean
temperature of the surface layer during the experiment was 17.33± 0.039°C with a
range from 12 to 24°C. While the bottom of the water column recorded an average
temperature of 17.21± 0.034°C with a range from 16-21°C. The overall mean of the
top and bottom layers of the water column during the experiment was 17.27±
0.036°C with a range of temperatures from 12-22°C.
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5.3.2.2 Conductivity
There was no significant change in the mean conductivity of the water within the
enclosures during the course of the experiment (p= >0.05; /=O. 705). The mean
conductivity was 1072 µS cm -I with a range from 900 to 1178µ8 cm - 1.
In addition, no significant difference was apparent between the conductivities of
external lake water and that of the enclosures (p= >0.05; /=0.813). The conductivity
values are indicative of seasonal wetlands, with lower conductivities occurring
during the winter months after precipitation events (Boulton and Brock, 1999).

5.3.2.3 pH
The mean pH did not vary significantly over the duration of the experiment between
the lake and the enclosures (p= >0.05; /=0.548). The mean pH for the enclosures and
the external lake water was 8.55 and 8.135 respectively. The maximum recorded pH
for the enclosures was 9.53 compared to 9.75 for the lake. Conversely, the highest
minimum recorded pH for the enclosures was 6.88 while that of the lake was 6.73.

5.3.2.4 Dissolved Oxygen
Dissolved oxygen concentrations did not vary significantly throughout the
experiment (p= >0.05; /=0.250) or between the lake and the enclosures (p= >0.05;
/=0.183). Oxygen levels measured in the lake ranged from 6.5 to 13 mg L- 1, with a
mean concentration of 9mg L-

1
.

Oxygen levels within the enclosures did not vary

considerably from that recorded in the lake, with concentrations ranging from 7.5 to
10.3 mg L- 1, with an average of 8.58 mg L- 1.

5.3.2.5 Chlorophyll a
The concentration of chlorophyll a recorded between the enclosures and the lake
showed no significant temporal variation throughout the study period (p= >0.05;
/=0.452). Chlorophyll a concentrations remained low in both the enclosures and
external area during the study period with mean concentrations of 1.08 and 1.28 µg

L- 1 for the lake and enclosures respectively.
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5.3.2.6 Photoperiod

Photoperiod has been identified by Tokeshi (1995) as having an influence on the
growth rates of Chironomidae. The photoperiod experienced in the growth
experiment was a reflection of the seasonal time period in which the experiment was
undertaken. A winter photoperiod of 11. 50: 12.10 (Day: Night) was recorded during
the experiment.

5.3.3 Lake Chironomid Population Dynamics

5.3.3.1 Species

Larvae of six species from two subfamilies were recorded during the larval
monitoring program. Three species, Chironomus a/ternans, Polypedilum nubifer and

Procladius villosomanus were the abundant species during the weekly larval
sampling. The remaining three species, Dicrotendipes conjunctus, Chironomus

occidentalis and Tanytarsus fuscithorax made up less than 4% of the larval
abundance.

5.3.3.2 Population Dynamics

Total Population

At the time of initial sampling overall larval numbers were relatively low at only 765
larvae/m·2. The population increased to a maximum of 14,731 larvae/m·2 in a period
of 62 days (Figure 5.2). The mean larval density was 6792 ± 867 larvae/m·2 during
the study period. Emergence of adult chironomids per night represented less than 1%
of the mean larval density. The highest emergence rates were recorded during the
start of the larval sampling program when the larval population was at its lowest
(Figure 5.3). However a time lag was apparent between recruitment into the larval
population and an increase of the larval population.
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Polypedi/um nubifer
·,

folypedilum nubifor was the most abundant species recorded dwing the larval

monitoring program: accounting for over 70% of total larval abundance on all

sampli~g occasions. The mean larval density for this species was 4833 ± 251 larvae
m·', with a range from 396-108?0 larvae/m'2• P.nubifer had mixed size distributions
on aU dates, making it difficult to follow a single cohort structure through
time(Fi~e

5.4). All discemjble instars were present on each sampling occasion,

however the proportion of each instar changed over the duration of the sampling

program. The asynchronous deVelopment of the species is apparent in the proportion
of smaller ins~ continuously entering the pop~lation. Interestingly, even though

P.nub)fer accounted for over 60% of thC adult chironomid population emerging per
night, the mean em~rgence represented less than 1% of. the larval populati~n.

Chironomus alteriUlns
Chironomus a/temans numbers cWere relatively low over the duration of the study,

this species accounting for only I0% of mean larval densities. The mean densities
were 462 larvae m"2 ranging from 79-1079 larvae m2• Interestingly, C.a/ternan.'
contributed approximately 40% of the emerging adult population, however
recruitment into the·tarval phase by these emerging adults is not evident in the agefrequency analysis. 1Jte larval population was dominated by larvae. in the 4th instar
t7

age class. very few 2nd or 3rd instar larvae were present (Figure 5.5)

Proclodius vi/los/manus
· Prociadius villosimanus was the second most abundant chironomid species from the
'

.

core sampling accounting for 20% of the total larval abundance during the study. The

mean larval density for this species was 1132 ±1781arvae m"2, with a rang.e from
158-2983 larvae m·'. The larval population of this species was dominated by 3"' and
4th instar larvae for the majority of the sampling pro~m. however recruitment into

the larval stage is apparent during later Sampling dates, this is indicated by an
increase in 200 instar larvae being recorded (Figure 5.6} The emerging adults of this
'

species were not caught du·~ng the emergence monitoring, this is probably related to
the longer growth rat" evident in this species. Edward (1964) reparted P.
vil/~.•;omanus

to be a bivoltine species. capable of producing two generations a year

and as such it would not be expected

t~

be collected from emergence traps very

often.
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5.4 Discussion

The development rate described in the in situ growth experiment suggests that a
single cohort of C.alternans is capable of completing a generation in a relatively
short time period (between 44-51 days) under winter/spring temperatures.
Chironomus alternans has been identified in previous studies, as having the ability to

complete a single generation at lower than optimal temperatures (12-22°C).
Chironomus alternans utilises the mild temperatures experienced during autumn,

winter and spring for most of its development and recruitment, and then survives the
higher temperature experienced during summer periods by employing an inactive
phase, where pupation is delayed until optimal temperatures return in autumn
(Edward, 1964). The short duration of this study precludes the ability to undertake
long term monitoring of C.alternans over a seasonal time scale, however previous
studies at both Forrestdale and North Lake (Perth, Western Australia) confirmed this
apparent seasonal trend with C.alternans in high abundance during winter and spring
and lower numbers during summer (Davis et al. , 1989).

A variable development rate of a single cohort is evident from the experiment with
development ranging from between 22 days to over 76 days. Other authors have
. reported similar high

v~riability

in the development of different life stages and the
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overall development time of a single cohort. For example, Danks (cited in Lobinske

et al., 2002a, p. 610) reported a difference of up to 34 days between first and last
emergence for a single cohort. This extended development time may be responsible
for the continuous, asynchronous emergence of C.alternans apparent in the
emergence monitoring undertaken during the experiment in both the enclosures and
lake.

Previous laboratory growth experiments involving C.alternans reveal comparable
development times under controlled temperature regimes. Suffell (2002) reported
development time from 32 to over 51 days for C.alternans at temperatures ranging
from 15 to 20°C, while Edward (1964) reported generation times from seven to ten
weeks in the laboratory at winter/spring temperatures. Laboratory based growth
experiments are useful because they allow a simultaneous comparison in growth
rates between different temperature treatments. However, to gain an understanding of
the ability of certain species to develop under more natural conditions, an in situ
growth experiment such as this is integral to determining realistic field development
rates. Hauer and Benke (1991) consider natural light and temperature regime and
better feeding opportunity as important positive influences on the growth rates of
Chironomidae under field conditions. There are a number of variables that have been
identified by Tokeshi (1995) as having a negative effect on the growth and
development of chironomids in the field and these include; biotic factors such as
intra- and interspecific competition, predation and density dependent mortality and
abiotic factors such as extreme temperature fluctuations, pH, conductivity and toxic
substances. It is the combination of these positive and negative factors which ensure
that more realistic development estimates are achieved with in situ growth
experiments.

The environmental parameters monitored in the experiment, pH, conductivity,
dissolved oxygen and Chlorophyll a showed strong similarities between enclosures
and lake. This suggests that the conditions experienced in the enclosures were similar
to those in the lake. It would therefore be assumed that the low survival rates of
reared midge larvae was a direct consequence of predation and intra and interspecifc
competition exerting a negative influence on the survival of the larvae. Tokeshi
( 1995) confirms that predation and disease have the potential to cause significant
mortality in chironomid larvae at all instar stages, with these factors capable of
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exerting a 98% mortality rate from the egg to first instar alone. A survival rate of
only 4% experienc~d in this experiment is therefore considered to be realistic. By
contrast, elevated survival rates have been experienced in many laboratory growth
experiments where the exclusion of predators, artificial diets and optimal
temperatures ensure that survival rates ofup to 78 % (Edward, 1964; Suffell, 2002).

Caution is recommended when interpreting the survival and development rates of
chironomid larvae reared in in situ growth enclosures as there are a number of
limitations which have the potential to increase the ambiguity of conclusions.
Specifically, distinguishing between the inoculated larvae and residual larvae from
the lake made determining actual development rates difficult. A combination of
factors are suspected to have contributed to this problem, namely, perforations in the
enclosure material allowing the entry of early instar chironomids and insufficient
application of pesticide to treat the enclosures before the experiment. However, the
high variability evident between adult emergence from each enclosure type and the
lake reveals that a limited number of residual or external larvae managed to penetrate
the enclosures. In addition, a noticeable difference in the species composition
between each enclosure type suggests that the C.alternans emerging from the
inoculated enclosures were most probably individuals developed from inoculated egg
masses.

The relatively rapid increase in larval density monitored over the duration of the
experiment revealed that the chironomid population at Lake Joondalup is capable of
achieving comparable development rates to those observed in the in situ growth
experiment involving a single cohort of C.alternans. Even a chironomid species
considered a predominantly summer breeder, P.nubifer, was capable of achieving
high population growth during the sampling period. This observation can be
attributed to the relatively mild temperatures experienced over winter in the south
west of Western Australian. Most chironomid species are capable of continuous
growth during this time and thus the ambient temperature does not limit the growth
of a chironomid population. In the case of Lake Joondalup, winter is an important
time for the colonisation of newly flooded areas from the remnant pools located on
the fringe of the lake. Emerging chironomids quickly utilise these newly flooded
areas by actively laying eggs into suitable areas. In addition, larvae are capable
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through active and passive dispersal mechanisms of colonising these areas in a
relatively short time period.
The verification oflaboratory growth rates by the in situ development experiment for
the nuisance chironomid species Chironomus a/ternans has major implications on
the validity of other laboratory based growth estimates for other species. Specifically,
it has been shown that the laboratory based development rate for P.nubifer, derived
by Suffell (2002), is comparable to those experienced in field conditions. This
experiment has shown there is a level of uncertainty which must be taken into
account when interpreting and confirming developments rates derived from field
estimates. However, previous studies by Hauer and Benke (1991) successfully
confirmed that field based larval development rates were applicable to those
observed in the laboratory.
The observed trends apparent from both the in situ growth experiment and the larval
population growth monitoring makes clear the ability of chironomids to achieve
relatively high population growth at less than optimal temperatures. The ability to
achieve continuous growth and overturn each successive generation in a short time
period has direct implications on the nuisance capability of chironomids at Lake
Joondalup.
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Chapter6
Synthesis
6.1 Introduction
Lake Joondalup occupies a unique position among the wetlands of the Swan Coastal
Plain of Perth, Western Australia for its ability to produce nuisance midge
populations at a scale not experienced anywhere else in Western Australia (Lund et

al., 2000). Its large shallow bathymetry, modified hydrology and eutrophic nature
have created ideal conditions for the production of large densities of chironomids.
The frequency and magnitude of swarms emanating from the lake during times of
ideal emergence and mating has created a severe nuisance to people in surrounding
suburbs. Non-biting midges are not a threat to the safety or health of humans,
however the phototactic nature and generally poor flying abilities of adult
chironomids ensures that they are capable of being a nuisance in brightly lit suburban
environments. This problem has compelled management bodies to find control
solutions, which impede the development of chironomid populations to below
nuisance levels. However, current treatment regimes at Lake Joondalup have been
unable to successfully restrict the population for an extended time period.

The main determinants for the limited success experienced with the control of
nuisance midges at Lake Joondalup are the lack of understanding and integration of
the biotic and abiotic mechanisms which govern the ability of chironomid
populations to recover after insecticide treatment. Current control programs are based
on treating the lake when a larval density threshold is exceeded. This system relies
on the premise that larval density is intrinsically linked with the occurrence of
nuisance swarms. Previous studies concerned with the monitoring of chironomid
population dynamics have failed to show a comprehensive link between any
measured environmental variable and population changes (Davis et al., 1989,1990,
Pinder et al., 1991). Limited success is therefore achieved by using a threshold which
is not correlated to specific population dynamics of the target species or population.
The stochastic and complex nature of most chironomid populations means that
predicting the occurrence of nuisance swarms based entirely on a single ambiguous
value is limited, if not impossible. Instead of chironomid populations temporally
fluctuating in abundance based on a response to a limited set of partially related
environmental variables, it is the combination and interaction of many diverse and
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complex abiotic and biotic factors which determine the population dynamics of a
chironomid population.

6.2 Conceptual Model

Conceptual models developed by Davis et al. (2002) sought to determine the
relationship between nuisance chironomid swarms and numerous environmental
variables such as water depth, temperature, light climate, nutrient availability,
sediment processes and algal biomass. The first model hypothesised that the factors
of high water temperature and low water depth created conditions conducive to the
development of algal blooms which is a food source for midges. The second model
hypothesised that seasonal drying, in combination with the presence of shallow warm
water during spring triggers the release of nutrients bound in the sediment. This
function increases the abundance of algal blooms and consequently favourable
conditions for the growth of midge populations. The third model relates the drying of
sediment during summer combined with seasonal increases in warm temperatures to
subsequently promote an increase in nutrients released from metaphyton.

These models focus on the intrinsic ability of eutrophic wetlands to successfully
produce high quantities of algal matter, which are subsequently utilised by
chironomids to support large populations. However it must be noted that the reliance
of these models on the assumption that chironomids will only be in high densities
during algal blooms is unfounded and neglects the ability of most chironomid species
to utilise a broad range of feeding modes and food types (Berg, 1995~ Wild and
Davis, 2003). In addition, these conceptual models do not take into account the
relationships between environmental

variables

and important life

history

characteristics such as development rates, voltinism and emergence phenology.

Using both experimental data derived from this study and supplementary background
knowledge of nuisance chironomids, the most probable abiotic and biotic factors and
biological characteristics which determine the development of nuisance chironomid
populations are graphically represented in Figure 6.1. The backbone of this model is
concerned with the intrinsic biological characteristics that enable the major nuisance
species, Polypedi/um nubifer and Chironomus alternans, to utilise the conditions
present at Lake Joondalup to their advantage and thus reach large population sizes.
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Figure 6.1: Conceptual model of the biotic and abiotic interactions involved in the

creation of nuisance chironomid populations.
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Analysis of larval and adult populations conducted in Chapters 3 and 5 revealed
some important life. history characteristics which enable the chironomid population
to achieve high population growth and become resilient to control by pesticide
treatment. Development rate is the single most important life history factor which
determines the nuisance ability of chironomids. The in situ growth experiment
conducted in Chapter 5 revealed that the development of a single cohort of
Chironomus alternans takes only 45 days under winter/spring conditions. This can

be considered a relatively short time period considering the less than optimal
conditions in which it developed.

The ability to complete a generation regardless of the environmental conditions has
significant implications on other life history characteristics and the nuisance potential
of this species. The in situ growth experiment also revealed the high variability in
development rates which exist in a single cohort of C. alternans. This high variability
produces an extended emergence and oviposition phase when the cohort completes
its lifestyle and determines the level at which subsequent cohort's overlap. The
combination of these factors ensures that continuous recruitment and population
growth is achieved all year around. This is particularly evident from the results of
larval sampling described in Chapters 3 and 5. Specifically P.nubifer, commonly
referred to as a summer nuisance species, was in fact the dominant species on all
sampling occasions throughout the study. These results revealed that the
development rate of P.nubifer is not impeded by the sub-optimal conditions present
during winter. In fact this time of year is an important recolonisation and dispersal
period. The adaptive ability of P.nubifer to successfully develop and thus recruit into
the next generation ensures than recolonisation of the lake is achieved in a short time
period. Consequently, when more appropriate conditions for the growth of P.nubifer
return during spring, the population is already in the ideal spatial distribution to
develop to high population levels.

Another important life history characteristic identified in the conceptual model, is the
ability of chironomids to produce large amounts of progeny from a single female
midge. This physiological characteristic ensures that despite low survival rates, large
numbers of adults still emerge. It is common in chironomids for the female to die
shortly after ovipositing egg masses into suitable habitats (Pinder, 1995). Large
numbers of eggs are required because of the low survival rates of larval chironomids,

53

especially first instar larvae following eclosion from egg masses. This was
particularly evident in the in situ growth enclosure experiment where survival rates
of only 4% were recorded from the inoculated enclosures. Another implication of
high fecundity in the development of nuisance population is the high dispersal
capabilities of first instar larvae following eclosion from egg masses. This
physiological characteristic ensures that recolonisation of newly flooded areas and
areas recently treated with pesticide is achieved in a short time period.

The combination of these biological and physiological characteristics ensures that
chironomids have the potential of achieving and sustaining populations all year
around. However, there are a number of biotic and abiotic factors which influence
that ability of chironomids to achieve large populations. The conceptual model has
identified six of the most important influences on the population dynamics and
population densities of nuisance chironomids.

Fluctuations in water levels influence chironomid populations by changing water
chemistry, altering substrate by erosion and exposing substrates to air (Lindegaard,
1995). Chapter 3 revealed that the life history dynamics of the chironomid population
are not adversely affected by the refraction of habitat to remnant pools. However, the
total habitat area does have an influence on the total chironomid population size at
different times of the year. As would be expected nuisance populations levels are not
achieved during dry periods or alternately when the lake is filling up during autumn.
However, nuisance populations are still evident when the lake is receding following
warm summer periods. There is a strong relationship evident between the total area
of lake habitat and the potential population size of chironomids. Lake Joondalup by
virtue of its large size and habitat heterogeneity is capable of supporting a very large
chironomid population size not seen anywhere else in Perth, Western Australia.

Temperature has been implicated in many studies as having a major influence on the
life history dynamics of chironomids (Frouz, 2002; Lamb, 2001; Lobinske, 2002a;
Nolte, 95). However, because of the mild temperatures experienced during winter in
the south west of Wes tern Australia, low temperatures do not seem to impede the
development of the major nuisance species, P.nubifer and C.alternans. On the
contrary, C.alternans has been shown to actually prefer temperatures below 25° C
because it does not seem to tolerate high temperature especially during summer.
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Temperature seems to be a prominent driver in the increase of chironomid
populations. Several chironomid species are capable of achieving higher growth rates
at higher temperatures (Edward, 1964~ Suffell, 2002). It would therefore be expected
that temporal fluctuations in chironomid populations would be closely related to
ambient temperature. However, although an initial increase in water temperature may
strongly influence the population dynamics of some species, subsequent fluctuations
during warmer conditions may have a less significant impact on the population
dynamics.

Several studies have identified chironomids to be highly tolerant to changes in water
quality, in fact chironomids are often used as bioindicators in wetland classification
systems based on their ability to be present across a large range of polluted wetlands
(Lindegaard, 1995). The specific adaptive ability of most chironomid species to
tolerate low oxygen concentrations because of the presence of haemoglobin in the
blood supply, means that larvae are capable of surviving high oxygen tensions
(Edward, 1964). In addition, the high tolerance of chironomids to fluctuations in pH
and conductivity means that the physico-chemical composition of the lake do not
limit the distributions of chironomid populations.

The eutrophication of Lake Joondalup in the past 30 years and the change in the
periodicity of wet and dry times in the lake's hydrology has the potential to severely
impact on the predators and competitors of chironomids present within the lake. A
study by Chase and Knight (2003) revealed that a change in the hydrological regime
of permanent wetlands to that of a more semi-permanent nature has the potential to
significantly affect mosquito competitors and predators sensitive to changes in the
hydrological regime. Further, Chase and Knight (2003) confirmed that mosquito
outbreaks occurred after drought periods. Rudimentary analysis of hydrographic
information at Lake Joondalup showed a distinctive pattern of nuisance problems
following years in which over 90% on the lake dried This analysis has the potential
to be significant to the nuisance problem at Lake Joondalup and therefore further
investigation into the effect drying periods have on the abundance of the predators
and competitors of chironomids is considered worthwhile. If it is assumed that
chironomid predators and competitors are severely affected by a reduction in surface
water, the potential to artificially increase the lakes water to increase the amount of
standing water during dry periods is worth investigating. Even though this option
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does have the potential to artificially increase the amount of habitat available to
midge during dry periods, Chase and Knight (2003) indicated that several seasons are
needed to allow for the recovery of predator populations.

The eutrophication of Lake Joondalup from past and current landuse practices has
increased the nutrient loads available to primary producers within the lake. This has
led to the creation of ideal conditions for algal blooms and increased abundance of
macrophytic vegetation. The omnivorous nature of chironomids means that they have
the ability to consume a vast range of abundant food types. In addition, a study by
Wild and Davis (2003) suggests that high selectivity of food type exists between
wetlands for similar species. The effect eutrophication and the occurrence of specific
food types have on the overall nuisance population is difficult to determine. The fact
that chironomids are able to consume virtually any viable food source within a
wetland, including bacteria, means that food will never be limited in most urban
wetlands. However, there is a strong possibility that a wetland with highly abundant
supplies of preferential food will probably support higher densities of nuisance
midges.

This conceptual model has attempted to identify some of the key factors responsible
for the occurrence of nuisance chironomid populations at Lake Joondalup. This
model has not only looked at some of the key biotic and abiotic factors which have
the potential to influence the nuisance problem at the lake, but the biological and
physiological mechanisms which influence nuisance population dynamics have also
been incorporated into the model. Some important factors present in the model,
namely development and survival rates will now be used to develop more suitable
spraying regimes based on this biological data.

6.3 Alternative Treatment Regimes

A key to improving chironomid control at Lake Joondalup is to reduce the midge
populations before they develop to levels which constitute a nuisance. This is in
direct contrast to the current control paradigm which initiates pesticide control when
conditions are most suitable for the rapid development and subsequent recovery of
sprayed areas following treatment. A major factor limiting the efficacy of the current
treatment program centres on the fact that by the time treatment of nuisance
chironomids is contemplated at Lake Joondalup, the midge population is already well
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established across the entire lake and contains enough overlapping cohorts elsewhere
to rapidly recolonise treatment areas after spraying. The potential of the chironomid
population to reach nuisance levels would be severely impeded if control programs
were initiated at times of the year when the chironomid population was more
vulnerable to treatment.

Lake Joondalup experiences dry periods at certain times of the year when
evaporation and reduction in the groundwater table reduces water levels to pool areas
located on the fringes of the lake. The inability of most species of chironomid to
aestivate in deep sediment during dry periods means larvae either die as a result of
desiccation or are restricted to remnant pool areas within the lake. These pools serve
as refugia for the chironomid population during dry periods. Conversely, these dry
periods constitute one of the most critical times of the year for the chironomid
population. During this time the population is highly susceptible to disturbance due
to the severe reduction of suitable habitat. Edward ( 1964) reported that first instar
larvae are especially intolerant of extreme temperature variation, high conductivities
and low oxygen concentrations common during summer/autumn dry periods.

Chapter 3 revealed the extent to which the chironomid population is spatial retracted
during dry periods. The presence of multivoltine, overlapping cohorts and continuous
emerging adults at this time, are conducive to rapid recolonisation of the lake
following flooding. It is therefore imperative for the pre-emptive control of nuisance
populations, that the remnant pool area present during dry periods is the focus of an
intensive treatment program. By eliminating or at least severely decreasing the
recruitment at this time, a delay in the development of chironomid populations would
most probably be achieved. A possible treatment option, which could be initiated to
best utilise this susceptible time for chironomids, is the selective distribution of
pesticide into the deeper areas of the remnant pools. By eliminating chironomids
from this pool during the dry periods the chances of the population recovering to
nuisance levels is very limited. This control option would also be far more
economically viable because the total area treated and thus the amount of pesticide
required is greatly reduced. It is recognised that to avoid the possibility of harming
wildlife, pesticide should be distributed in the deeper areas of the remnant pools.
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Another option available to target the chironomids present in the remnant pool areas
is the large-scale application of light traps. Based on the catch rate of light traps
located at Lake Monger (Davis et al., 1990) a simple calculation can be employed to
determine the efficacy of such traps at Lake Joondalup. Assuming a mean catch rate
of 60,000 midges per trap per night, this constitutes to the elimination of
approximately 4% of total emergence per night from the remnant pool. This is based
on an emergence rate of 20 adults m·2 per night from a larval population of 1700
larvae m·2 in a pool of approximately 75 hectares (Chapter 3). It is evident from these
calculations that a combination of more light traps and a higher catch rate has the
potential to play a positive role in the control of midge recruitment during this time.
However, Ali ( 1995) noted that the use of light traps alone has a limited affect on the
control of nuisance midges over an extended length of time. It is the integration of
light traps with pesticide treatment and other alternatives which creates a more
comprehensive and efficient treatment program.

The use of light traps during dry periods is an initial option available with a more
integrated treatment program of nuisance midges at Lake Joondalup. The more
efficient design of pesticide spraying regimes based on the development rate and
recolonising potential of certain chironomid pest species has the potential to be
highly successful. This treatment regime uses the development and survival rates,
and sex ratios of Chironomus alternans derived from the in situ growth experiment
(Chapter 5). An initial calculation performed to illustrate the ability of nuisance
chironomids to regenerate quickly after pesticide spraying is discussed below. Based
on an initial larval density of 2000 larvae m· 2 (also the current pesticide action
threshold) a 95% pesticide kill rate as per Lund et al. (2000), produces a surviving
larval population of 100 larvae m·2. Assuming that the sex ratio is 1:1 and
discounting mortality during the larval stage, a population of 100 larvae m·2 is
capable of producing 50 egg masses per m·2 when they emerge as adults. With a
mortality rate of 96%, approximately 40 larvae survive to adulthood from an average
egg mass containing 800 eggs (Chapter 5). The resultant larval production is
approximately 2000 larvae m·2 over a single generation lasting approximately 45
days at winter/spring temperatures. This example demonstrates how ineffective
current pesticide treatment is for the control of nuisance chironomids at Lake
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Joondalup. This is illustrated by the fact that it only takes a single generation of
C.a/ternans 45 days. to recover to pre-treatment levels.
An obvious option is to increase the frequency of pesticide application based on the

generation times of dominant pest species. This would involve conducting multiple
pesticide treatments in a time period less than the generation times of the target
nuisance species. Allowing for the prescribed 14 day interval required between the
application of Abate pesticide, three successive treatments, based on an initial
population density of 2000 larvae m-2, with a 95% mortality rate has the potential to
increase the interval between nuisance periods to approximately 126 days. When this
spraying regime model is compared to the current regime of monthly spraying, the
nuisance interval of this option is limited to approximately 45 days. This is evident
from observation of past monitoring data conducted by the City of Wanneroo (20022003), with nuisance intervals occurring in short succession in correspondence to the
growth rates of the chironomid population. An advantage of the proposed spraying
model is that the mortality rates over successive sprays is of less importance than the
success of the initial spray. The follow up sprays are basically reducing the number
of potential recolonisers and adult chironomids present in the lake and as such these
would be expected to be limited in quantity. This treatment regime has the potential
to increase the resistance to pesticides already apparent in some chironomid species
and the sporadic nature of application of pesticide over the past forty years has
decreased the success rate applicable to some species. However, the capability of this
treatment model to make a critical impact on the ability of the chironomids to
regenerate after successive treatments is a possibility which is worth investigating.

In conclusion, the research documented in this thesis has used both experimental data
and data derived from previous laboratory work on the development rates of
nuisance midge to produce a conceptual model which has the scope and potential to
make a large impact on the ability of chironomids to reach nuisance levels at Lake
Joondalup. The implementation of the alternative treatment regime derived from the
conceptual model is seen as a priority by the author in improving the management of
chironomid populations at Lake Joondalup.
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